The incidence of deafness is non-randomly distributed among families segregating for Waardenburg syndrome type 1 (WS 1) Robert There is no obvious correlation between the nature of the mutations and the resulting phenotypes." This lack of correlation, coupled with the variability of expression within families, suggests that stochastic events might play a major role in the manifestation of deafness in subjects who are heterozygous for mutant alleles. This hypothesis is supported by observations in the mouse model for WS, Splotch, where the expression of coat colour patches, neural crest cell migration, and spinal ganglion volumes show considerable variability even in highly inbred laboratory strains.'425 It is also reasonable to consider the possibility that modifier genes, perhaps under the transcriptional regulation of PAX3, are responsible for deafness. Surprisingly, the Splotch mouse also provides supporting evidence for this hypothesis, in that Asher et al '6 have shown that genes segregating in an interspecific cross modify craniofacial morphology in the presence of a Pax-3 mutation. Wlhen comparing the merits of these two hypotheses, it would be useful to know whether the differences in the proportion of deaf people between families is consistent with random fluctuation around a mean proportion, or whether deafness tends to cluster in certain families. Clustering, if it occurs, might be because of the differential effects of either genetic background or environmental factors.
We analysed the variation in penetrances for deafness in 24 published families segregating PAX3 mutations (table 1). We also analysed seven of the 14 families originally described by Waardenburg' (table 2) . From the set of families described by Waardenburg,' we excluded those out of seven affected in WS. 10 and three deaf out of 11 affected in MSU5. This contrasts with the penetrance for deafness (5/6) in NIH8, which segregates for a different missense mutation at the same position (R271G). Table 2 summarises the hearing status of affected subjects in the seven WS1 families described by Waardenburg.'
The question is whether the varying ratios of deaf to hearing among the affected subjects in each family reflects stochastic variation or whether the probability of being deaf differs from family to family. The natural log likelihoods (lnL) for the penetrance of deafness in each family in the PAX3 data set are shown in The heterogeneity among these 24 families indicated by this test could be caused by genetic or environmental effects, but it also could be caused by heterogeneity in ascertainment or in the diagnostic criteria used for "deafness". However, the diagnoses of deafness are probably consistent because all but one of the reports38 are from laboratories participating in a consortium with agreed criteria for clinical assignment.40
The families described by Waardenburg' have the virtue of being ascertained and diagnosed by a single clinician, with probands identified, thus reducing the potential for heterogeneity resulting from differing ascertainment or diagnostic criteria. The likelihoods for homogeneity among these families (Hi') and for heterogeneity (H2') are calculated with ascertainment bias correction and the result of a G test is reported in table 3B. Once again, significant heterogeneity in penetrance among the pedigrees is seen (p=0.0004).
The heterogeneity in both data sets could be ascribed to the effects of unique alleles for each family, differing environmental influences, or differing genetic backgrounds. The influence of these factors needs not be evenly distributed among sibships within pedigrees. Generally, one would expect that the effects caused by a given mutant allele would affect all sibships in a pedigree evenly, environmental factors probably less so, while background genetic factors would be the most specific to sibships because of the unique genetic contributions of the parents who marry into the family. It is logical, then, to evaluate the hypothesis that the penetrance of deafness is different for each sibship (hypotheses designated H3 for the PAX3 data set and H3' for the Waardenburg data set) and compare this with the other hypotheses. (14) and the Waardenburg data set (lnL(H 1) + lnL(H 1') = lnL(H5)). The results confirm that the two data sets are significantly different (table 3C) . This is intuitively obvious when comparing the overall estimates of penetrance for deafness in the two sets. The penetrance of deafness in the PAX3 mutation data set is 61%, and is best estimated as 18% for the Waardenburg data set (corrected for multiple incomplete ascertainment). It should be noted that the differences in penetrance between the two sets might contribute to a difference in the power of the G test to detect heterogeneity among sibships. Failure to find sibship heterogeneity in the PAX3 set might also be the result of differences in the number of sibships and average size of sibships. A larger number of sibships would result in greater power to detect heterogeneity, but a lower average sibship size would decrease the power of the test. In the PAX3 set there are 77 sibships with average size 1.66; in the Waardenburg set there are 45 sibships with an average size of 2. 22. Does the penetrance of deafness depend on type and location of mutation in PAX3? 
